We report 3 patients with cauda equina syndrome (CES) secondary to a sacral fracture. The difficulty in early diagnosis of CES and the lack of evidence and guidance on treatment are highlighted. When there is a sacral fracture, CES should be suspected. Thorough clinical examination including digital rectal examinations and bladder function quantification is advised. The threshold for performing computed tomography and/or magnetic resonance imaging of the pelvis should be low. Patients should be treated by a multi-disciplinary team with both orthopaedic and neurosurgical input. Further studies are needed to identify the timing and to which patients surgical decompression should be performed.
of sacral fractures. We report 3 such cases and review the literature.
case reports patient 1
In July 2010, a 35-year-old woman presented to an accident and emergency department with low back pain after falling from a cliff. She was discharged with analgesia. 10 days later after returning from her trip, she presented to our hospital with left S1 radicular symptoms but with normal bladder and bowel function and no sensory deficit. Computed tomography (CT) showed a sacral fracture (zone 3, type 1), and magnetic resonance imaging (MRI) showed no evidence of cauda equina compression (Fig.  1) . She was managed conservatively with analgesia, physiotherapy, and instructions not to weight bear. Six weeks later, she presented with urinary hesitancy and persistent left S1 radicular symptoms. She had saddle anaesthesia, normal motor power, and an absent left ankle reflex. Repeat MRI showed a progression of the fracture and compression of the cauda equina. Given the acute presentation of CES, she underwent emergency sacral decompression. Postoperatively, her radicular symptoms resolved quickly, and her bladder function took 6 months to return to normal. Her saddle anaesthesia has yet to resolve (after 18 months).
patient 2
In September 2010, a 62-year-old diabetic woman presented with a 2-week history of difficulty in walking, back and leg pain, and urinary and faecal incontinence. She had no history of a fall or trauma. She had saddle anaesthesia with intact motor power and reflexes. CT and MRI revealed a sacral insufficiency fracture (zone 3, type 2) with cauda equina compression (Fig. 2) . A bone scan demonstrated further insufficiency fractures at the T5 vertebral body, left pubic ramus, and thoracic cage (Fig. 2) . A bone density scan showed a T-score of -5.5 at L1 to L4, with a bone mineral density of 0.443 g/cm 2 . She was treated conservatively with bed rest and analgesia, because of her poor bone stock, late presentation (delayed diagnosis), and urinary and faecal incontinence. Although the symptoms improved slightly, she never fully regained bladder and bowel control.
patient 3
In February 2011, a 63-year-old woman presented with worsening back pain, reduced mobility, and urinary and faecal incontinence. She had no history of a trauma. Her co-morbidities included chronic obstructive pulmonary disease for which she had been taking prednisolone. Her urinary and bowel symptoms were assumed to be a result of poor pain management and her frail condition, so she was admitted under the care of the medical team. Three weeks later her back pain had not resolved. An MRI showed a sacral insufficiency fracture (zone 3, type 2). She was treated with analgesia and bed-to-chair mobilisation because of her medical co-morbidities and late presentation. She died a few weeks later; the fracture did not contribute to her death directly. discussion Denis et al. 1 classified traumatic sacral fractures anatomically into 3 zones based around the neural foramina. Fractures lateral to the neural foramina involving the sacral ala are classified as zone 1. Those involving the neural foramina, but not the spinal canal are zone-2 fractures. Those extending into the spinal cord with primary or associated fracture lines are zone-3 fractures. This classification also indicates the risk of a neurological deficit. Zone-1 fractures involve deficits of the L4/L5 nerve root and sciatic nerve in 6% of cases. Zone-2 fractures involve deficits of the L5, S1 and S2 nerve roots in 28% of cases. Zone-3 fractures contribute to 60% of neurological deficits and commonly give rise to bladder, bowel and sexual dysfunction. 1 In addition, zone-3 fractures have been modified 2 and sub-classified, 3 based on flexion, translation, and comminution (Fig. 3) .
Traumatic sacral fractures are a cause of acute abnormal neurology and CES. 1 Although patients with obvious abnormal neurology are easily detected, some signs are subtle or masked by severe injuries, 4 in particular urinary retention. 5 Delays in diagnosis of CES and in the onset of symptoms by several days have been reported. A study reported a patient with bilateral calcaneal fractures who was discharged after 5 days but re-presented 2 days later with bladder and bowel dysfunction, at which point a sacral fracture causing CES was diagnosed. 6 It is unclear whether symptoms of incomplete CES were missed in this patient who later returned with complete CES, or if the cauda equina was compressed at a later date following worsening of the injury, as was the case in patient 1.
Sacral insufficiency fractures were first described as "spontaneous osteoperotic fractures of the sacrum" and associated with old age and osteopenia. 7 In fact over 90% occur in elderly women. [8] [9] [10] Other risk factors include rheumatoid arthritis, 11 radiation therapy, 9 and steroid use. 11 They are under-diagnosed and difficult to detect, owing to a low index of clinical suspicion and poor imaging techniques. 12, 13 In a prospective study over a 2-year period, the incidence of sacral insufficiency fracture was 1.8% in women over 55 years admitted with back pain. 14 There is no formal classification for sacral insufficiency fractures, and therefore descriptions are based on the Denis classification of traumatic sacral fractures. Neurological complications differ in patients with sacral insufficiency fractures and traumatic sacral fractures. A review study identified 14 of 493 reported sacral insufficiency fractures to have abnormal neurology, suggesting a neurological involvement rate of 2.8%. 15 The most common neurological abnormalities were sphincter dysfunction (n=11), distal paraesthesia (n=7) and weakness (n=5). 15 All the patients presented with low back/perineal/referred pain, but without neurological symptoms. Manifestation of neurological symptoms was delayed in only 5 of those cases. 15 Sacral insufficiency fractures presenting with CES are uncommon. A prospective study identified 4 such cases over a 2-year period in patients who were referred with acute (n=3) and chronic (n=1) back and leg pain, with neurological symptoms; all had fractures in zone 1. 16 Patients with zone-3 fractures presenting with CES are rare.
Delays in identifying abnormal neurology in sacral insufficiency fractures is in part due to the delay in recognising CES. In patients with multiple comorbidities, CES symptoms such as incontinence and urinary retention are subtle and often misdiagnosed as geriatric issues.
Sacral insufficiency fractures are generally treated conservatively with bed rest, analgesia, and gentle mobilisation. Instrumentation is difficult because of technical difficulties and poor bone quality. Internal fixation is therefore not commonly practised. Sacroplasty-injection of polymethylmethacrylate cement along the fracture planes-is increasingly popular. It provides immediate pain relief, reduces the use of analgesia and improves activities of daily living by reducing mobility at the fracture site. 17, 18 Poor evidence exists on the optimal timing, technique and indications for surgery of sacral insufficiency fractures. Although early intervention is beneficial for lumbar cauda equina decompression, the optimum timing of sacral nerve root : type 1 is simple flexion deformity of the sacrum; type 2 is partial translation and hyperkyphotic; type 3 is complete translation with no fracture overlap; and type 4 is segmental comminution of the S1 vertebral body caused by axial loading of the lumbar spine into the cephalad part of the sacrum. Type 1  Type 2  Type 3  Type 4 decompression is not as clear, as is postoperative instability following decompression. Removing posterior tension bands by decompressing the sacrum may require pelvic stabilisation in order to prevent further kyphotic injuries of the sacrum. When there is a sacral fracture, clinicians should raise the level of suspicion of abnormal neurology. Likewise, abnormal neurology in the elderly should be properly investigated. Thorough clinical examination including digital rectal examinations and bladder function quantification is advised. The threshold for performing computed tomography and/or magnetic resonance imaging of the pelvis should be low. Patients should be treated by a multi-disciplinary team with both orthopaedic and neurosurgical input. Further studies are needed to identify which patients would benefit from surgical decompression and the safest time frame for surgery.
